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CRYSTALLINE CEFTIOFUR FREE ACID 
INTRODUCTION 

This invention relates to a novel ciystalline fonn of ceftioftir free acid, a process for 
prcpaiing this crystalline fonn. and a sustained-release phannaceutical composition containing 
5 this ciystalline fonn. 

BACKGROUND OF THE INVENTION 
Many cephalosporin compounds, derivatives thereof, and processes for their preparation, 
are known. For example, the following are known: amo^jhous cefiiroxime axetil. its crystalling 
sodium salt, its naphthyridine derivative and its sesquihydrate (U.S. Patents 4.820.833; 
10 4,298.732; 4,442.101); ciystaUine sodium cephemcartjoxylatc (U.S. Patent 4,692.519); crystalline 
cephem heptahydrate (U.S. Patent 4,555.404); crystalline, cephalosporin di- or tri-hydrate (U.S. 
Patents 4.812.561; 5,017,380; 4.933,443); cefedroxil monohydrate (U.S. Patent 4.898.938); 
anhydrous ciystalline ceftazidime and its pentahydrate (U.S. Patents 4,624.948; 4.616.080; 
HP 0 278 656); sodium amoxicillin pynoUdone solvate (U.S. Patent 4.318.852); cefazolin 
15 sodium monohydnite (U.S. Patent 4.104.470); crystalline o-fonnylcefamandole (U.S. Patent 

4.006.138); salts of 3-acetoxymettiyl-7.(iminoacetamido>cq)halosporanic acid derivatives, which 
may be either crystalline or amoiphous (U.S. Patent 5,103.012); ciystalline monohydrate of 7- 
[D-a-amino-a.(p-hydroxyphenyl)acetamido]-3-methyl.3-cephem-»-cartK)xylic acid (U.S. Patent 
4.504.657); crystalline hydrochloride salt of syn-7-[[(2-amino^ihia2olyI)(methoxyimino)acetyl] 
20 amino].3-melhyl-3-cephem^aiboxylic acid (U.S. Patent 4.400.503); crystalline cephem acid 
addition salts (Canadian Patent Application 2.018.794); ciystaUine (pivaloyloxy)methyl l^[2-0.. 
amino-^thiazolyl)acetamido^3-[f[l.[2Kdimemylamino)ethyl^lH^etrazo 
cq)hem-4^:aiix)xylate (Chemical Abstracts 97:38761q (1982)); crystalline cephalexin (Chemical 
Abstracts 84:184895j (1976); crystalline cephalexin monohydrate (U.S. Patent 3,531,481); 
25 crystaUine 7-(P-2-naphthylglycylamido)-3.melhyl.3-cephem.4-carboxyUc add tetiahydratl (U.S. 
Patent 4.474,780); the preparation of a specific crystalline cei*alosporin compound by stirring 
and the addition of methanol and butylacetaie (Chemical Abstracts 110:212490z (1989)); a 
method for producing pure crystalline antibiotics products, such as penicillin and cephalosporin, 
by treating with ethanol in one or two soaps, (U.S. Pat»tt 4.912.211). 
30 From the large number of patents and literature references that is available on 

cephalosporin compounds, it appears that the occurrence of an anhydrous or nonsolvated. non- 
salt, crystalline fonn of a cephalosporin compound is rare. Most such crystaUine forms tend lo 
be salts, hydrates, solvates or otho- derivatives thereof. 

The cephatosporin antibiotic 7-[2K2-amino-1.3.-thia2ol^yi).2-meihoxyimino)acetamido]- 
35 3-[(fur-2-ylcart>onyI)thiomethyl].3-cephem.4-caiboxy«c add (also named 7-[2-(2-amino-»- 
thia2oIyl)-2-methoxyimino)-acetanudo]-3-[2KfuranylcarbonyItMomethyI).8-oxo-5.thi 
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a2abicyclo[4.2.0]oct-2-ene-l-carboxyIic acid) of the formula I in the Fonnula Chart below, its 
alkali metal, alkaline earth metal and amine salts of the carboxylic acid group, and easily 
hydrolyzable ester groups thereof are described and claimed in U.S. Patent No. 4,464,367 
(Labeeuw et al.). This cephalosporin free acid compound is now known by the generic name 
5 "ceftiofur." See also Merck Index, Eleventh Edition, 1948 (1989). 

Ceftiofiir Sodium is currently marketed by The Upjohn Company as NAXCEL® or 
EXCENEL® Sterile Solution to meat bovine respiratory disease (BRD). This product is 
administered intra-muscularly (IM) over a three to five day period using daily doses. 

The free acid and cationic metal and amine salt and ester forms of this cephalosporin 
10 antibiotic are somewhat unstable chemically and are obtained as amorphous compounds which 
are difficult to purify, and arc less desirable to work with in manufacturing pharmaceutical 
formulations containing them. This amorphous finee acid and salts are di£6cult solids to isolate 
and handle in pharmaceutical manufacturing plants, which those in flie pharmaceutical art would 
prefer to avoid. 

15 However, it is not predictable how to make a specific crystalline form of a particular 

active drug compound. More specifically, it is not predictable how to make an anhydrous or 
nonsolvated, non-salt, crystalline form of a cephalosporirL 

INFORMATION DISCLOSURE 
U.S. Patent 4,464,367 (Labeeuw et al.), as discussed above, discloses the preparation of 
20 ttie amoiphous form of the ceftiofur free acid in Example 1(b). 

U.S. Patent 4,937,330 (Sacks et al.) discloses the preparation of flie ceftiofur sodimn salt 
by neutralizing the hydrochloride salt with a basic resin. The amorphous free acid is disclosed 
as an intermediate in this process. 

U.S. Patent 4,902,683 (Amin et al.) discloses and claims the hydrobromide and 
25 hydrochloride salts of ceftiofur, the crystalline form of flie hydrochloride salt, processes for their 
preparation, and pharmaceutical compositions containing them for veterinary use. U.S. Patent 
5,079,007 (Putnam) discloses controlled-release antibiotic implants containing crystalline 
ceftiofur hydrochloride and amorphous ceftiofur sodium salt 

U.S. Patent 4,877,782 (Gazers et al.) discloses zinc ceftiofur complexes which are useftil 
30 as antibiotics especially in veterinary medicine. U.S. Patent 5,143,137 (Gazers et al.) discloses 
disulfide derivatives of ceftiofur, which are useftil as antibacterial agents especially in veterinary 
medicine. 

U.S. Patents AS\22\2 (Odiiai et al.) and 4,973,684 (Ochiai et al.) disclose cephem 
compounds having a residue of a nucleophilic compound at the 3-position. 
35 U.S. Patent 5,013,713 (MitcheU) discloses mefliods for tiie prolonged release of 

biologically active somatotropins. 
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U.S. Patent 4^21,431 (Crookes) discloses a novel crystal fom of ranitidine, designated 
Foim 2, which has favorable filtration and drying characteristics over crystal Fonn 1. 

Hoover. "Dispensing of Medication," 8* Ed., Mack Pub. Co. (1976); and JJ^. Robinson 
Ed., "Sustained and Controlled Release Dnig Delivery Systems." Marcel Dekker, (1978), 
5 disclose the technique for prolonging the release of a drag into the body by decreasing the 
solubUity (by one or more techniques) of tiie dnig, which decreases the dissolution rate if the 
dmg is provided in a suspension. 

V.H. Guenini, et al., "Phannacokinetic evaluation of a slow-release cefotaxime 
suspension in the dog and sheep." Am. J. Vet Res., vol. 47, no. 9, (1986) discuss the concept of 
10 sustained release fonnulations. Guenini et al. discloses that the subcutaneous (sc) administration 
of cefotaxime in an oil suspension in dogs and sheep provides satisfactory and more prolonged 
plasma concaiiraiions (Cp) than did aqueous preparation given intramuscular (im) (sheep only) 
or given sc (she^ and dogs). 

None of these references disclose a crystalline fonn of ceftiofur which is anhydrous or 
15 non-solvated and which is a free acid or a non-salL 

SUMMARY OF THE INVENTION 
The present invmtion particulariy provides: 

a crystalline compound of the fonnula I which is 7-[2-(2-amino-l,3-thiazol-4.yl>2- 
methoxyimino)acetamido]-3-[(fiir-2.ylcaibonyl)thiomethyl]-3-cephem-4-caiboxy 
20 in a composition comprising a compound of the fonnula I wherein the improvement is 

characterized by: 

at least forty percent (40%) of the compound of foimula I is crystalline; 

a phamaceutical composition which comprises a crystalline compound of the fonnula I; 

and 

25 a process for preparing a crystaUine ftee acid of the fonnula I which comprises the steps 

of: 

a) combining a solution of the compound of fonnula I in a water miscible 
solvent with water, which is at a tempeiature of between 20"C and 60°C. 

Throughout this document, the following tenns have the indicated meanings: 
30 By "sustained-release- is meant a fomiulation in which the drag becomes biologically 

available to the patient at a measured rate over a prolonged period. 

By "phannaceutically acceptable canier or excipienf is meant any carrier or excipient 
that is commonly used in phannaceutical compositions and are well known and readily prepared 
by one of ordinaiy skill in the ait Such carrier or excipient may be a solid or liquid and 
35 contain one or more suspending, dispersing, stabUizing. emulsifying, buffering, thickening, 
sweetening, flavoring, coloring or preservative agoits. 
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"Solubility" is a direct consequence of a solid's .structure and the intennolecular forces 
holding the solid together and is defined as the amount of drug which exists in solution when 
equilibrium is achieved between solution and solid state material. 

"Dissolution rate" is the kinetic translation of solubility for a well stirred system under 
5 sink conditions. 

'In-vivo release" is the biological consequence of the dissolution rate of a compound 
which is characterized by time to maximum concentration and the maximum concentration in 
the biological fluid of interest 

"Hygroscopity" is the ability of a compound to pick up moisture fiom or yield moisture 
10 to the atmosphere with changes in relative humidity. 

This irivention provides a crystalline form of 7-[2-C2-amino-13-thiazol-4-yI)-2- 
methoxyimino)acetamido]-3-[(fur-2-ylcarbonyl)thiomethy]]-3<ephem-4H:^^ acid (also 
named 7-[2<2-amino-4-thiazolyl)'2-metfaoxyimino>acetamidol'3-[2-(furanylcarfoonyl 
thiomethyI)-8*oxo-5*ttiia-l-azabicyclo[4.2.0]oct-2-ene-l-carfooxylic acid), also known as 
15 ceftiofiir, of formula I in the Foraiula Chart The crystalline form of the present invention is 
more precisely described as a non-salt, crystalline form of cefdofur that is anhydrous or 
nonsolvated. 

As indicated above, the cephalosporin antibiotic can be named by either of two different 
nomenclature systems. Some prefer the more formal CHEMICAL ABSTRACTS system 
20 whereby the compound is named as a derivative of a "bicyclo" ring system. Some prefer the 
simpler "cephem** ring system nomenclature. 

Crystalline oiganic compoimds consist of a large number of atoms w4iich are arranged in 
a periodic array in three-dimmsional space. The structural periodicity normally manifests 
distinct physical properties, such as sharp, explicit spectral features by most spectroscopic probes 
25 (e.g.. X-ray diffraction, infrared and solid state NMR). X-ray diffraction (XRD) is 

acknowledged to be one of the most sensitive methods to determine the crystaUinity of solids. 
Crystals yield explicit diffraction maxima whidi arise at specific angles consistrat with the 
latdce interplanar spacir^s, as predicted by Bragg*s law. 

On the contrary, amoiphous materials do not possess Iong*range order. They ofvsa 
30 retain additional volume between molecules, as in the liquid state. Amoiphous solids normally 
unveil a featureless XRD pattern with broad, diffuse halos because of the absence of the long 
range order of repeating crystal lattice. 

Crystalline materials are preferred in most pharmaceutical applications. Crystalline 
forms are thermodynamically more stable than amorphous forms of the same substance. This 
35 thermodynamic stability is reflected in the lower solubOity and improved physical stability of 
the crystalline form. The regular packing of the molecules in the crystalline solid denies the 
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incoiporation of chemical impurities. Hence crystalline materials generally possess higher 
chemical purity than their amorphous counterpaits. The packing in the crystalline solid 
constrains the molecules to well defined lattice positions and reduces the molecular mobility that 
is the prerequisite for chemical reactions. Hence, crystalline solids, with very few notable 
5 exceptions, are chemically more stable than amorphous solids of the same molecular 
composition. 

The crystalline ceftiofiir free acid of the present invention has a distinct fourier 
transform infrared (FTIR) spectrum and a distinct powder X-ray diffraction (XRD) profile. By 
either means, the material is readily differentiated from other ceftiofur-containing solids, 

10 including crystalline ceftiofiir hydrochloride salt, amorphous cefdpfiir sodium salt, amorphous 
ceftiofiir free acid, and amoiphous ceftiofiir zinc salt The identity of the material as ceftiofiir 
has been confinned diromatographically and spectioscopically. The ciystallinity of the material 
is confirmed by the presence of an XRD pattern. The XRD observations are corroborated by 
the observation of birefringence with polarized light microscopy. Birefringence is an accepted 

15 U.S. Pharmacopeia method of determining ciystallinity. (U.S. Pharmacopeia and National 
Fonnulaiy, Vol. 22, page 1577, (1989)). The material exists as the linassociated free acid of 
ceftiofiir verified by the absence of chloride (present in the ceftiofiir hydiochloride starting 
material). 

RepresOTtative FTIR and XRD patterns of the crystalline ceftiofiir free acid of the 

20 present invention are shown in Figures 2, 4 and 5 below and of the amoiphous ceftiofiir fiee 
acid, prepared as described in Example 1(b) of U.S. Patent 4,464367, arc shown in Figures 1 
and 3 below. As would be apparmt to one of ordinary skill in this ait, die compound of Hgure 
3 is in the amorphous form because of ttie broad, nondistinctive peaks in its XRD spectrum. 
Figure 1, whidi is the FTIR spectnun for tiiis compound, is consistent with ttiis interpretation of 

25 Figure 3. The compound of Hgures 4 and 5 is in the crystalline form because of the sharp, 
distinctive peaks in its XRD spectra. Figure 2, whidi is flie FTIR spectnun for fliis compound, 
is consistent with fliis interpretation of Figures 4 and 5. Table I lists the characteristic 
diffraction peaks for the crystalline ceftiofiir fiee add of the pres^ invention. 

Furthermore, the ciystalline ceftiofiir ftee acid of the present invention, which contains 

30 an amino group and a carboxylic add group, can also be written as a Zwitterion (or dipolar ion) 
as shown in formula lA of the Formula Chart bdow. Many of its physical and chemical 
properties, are consistent with the Zwitterion structure. It is a nonvolatile, ciystalline solid 
which melts witti decomposition at high temperatures; and it is insoluble in non-polar solvents, 
but is sparingly soluble in water. One of the most sensitive and convenient analytical mettiods 

35 used to identify tiie Zwitterion stnicnire of a free amino add is tiie infiared spectroscopy (IR). 
For example, asymmetric and symmetric stretching modes of tfie NH3+ ion are assigned at about 
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3250 and 2600-2400 cm'^ respectively, while the carboxylate CXDO* ion stretching vibration 
locales at about 1565 cm"^ It is noteworthy that the C=0 stretching mode of a normal 
carboxylic acid (not an amino acid) appears at about the 1750-1700 cm'^ spectral range. The IR 
of cr^'stailine ceftiofiir free acid of the present invention at solid phase (see Figure 2 below) is 
5 totally consistent with the Zwittcrion structure of formula lA. 

The crystalline ceftiofiir free acid of the present invention has advantageous physical- 
chemical properties. It has lower solubility in aqueous solvents than its ciystalline 
hydrochloride salt starting material. The lower solubility is believed to contribute to its slow 
dissolution rate and its sustained release properties in-vivo, as discussed further in the Examples 
10 below. Also, both its hygroscopicity and stabiUty (in bulk and formulations) arc superior to 
other ceftiofur salts, such as the crystalline hydrochloride salt and the amoiphous free acid. 
AdditionaUy, the crystalline free acid is considerably more stable, has improved processing 
characteristics, and can be dried more easily due to its increased stability at elevated 
temperatures. All of these propeities arc very useful when fomnulating a pharmaceutical product 
15 from the crystalline free acid. 

A comparison of these physical-chemical properties of the crystalline ceftioftir free acid 
of the present invention, of the amorphous ceftiofur free acid, prepared as described in Example 
1(b) of U.S. Patent 4,464,367, and of the crystalline ceftiofur hydrochloride salt is summarized 
in Table H below. From this table, it is ^parent that the measurable properties of the 
20 crystaUine free acid of the present invention arc distinctly different from and superior to those of 
the amorphous free acid and the crystalline hydrochloride salt Also, from this table, it is 
apparent that while the physical-chemical properties of a compound may be expected to improve 
as a consequence of going from an amorphous form to a crystalline fonn, the favorable 
characteristics of crystaUine ceftiofiir free acid relative to crystalline ceftiofur hydrochloride salt 
25 were unpredictable and unanticipated. Surprisingly and unexpectedly, the crystallir^ fi^e acid 
of the present invention is anhydrous, whereas tiie crystalline hydrochloride salt exists as either 
the hemihydrate or the monohydrate, or as a mixture of the two, at nonnal ambimi relative 
humidity. The anhydrous nature of the fiee acid lends itself to improved foraiulation 
characteristics. Also, as fiirther demonstrated in the Examples below, crystalline free acid has 
30 sustained release propeities in vivo while the crystalline hydrochloride does not have useful 
sustained release properties. 

Another property of these ceftiofur compounds, which is compared in Table D, is their 
theraial stability (differential scanning calorimetry (DSC) decomposition temperature). (The 
decomposition temperatures given below and in Table n are approximate and are the result of a 
35 single reading from typical lots of tfiese compounds.) Ceftiofiir is thermally unstable in the 
solid-state at high temperatures. Liquefaction is accompanied by decomposition. Under these 
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circumstances, it is more useftjl to compare decomposition temperatures than melting 
temperatures, because the sample decomposes before the melting process is complete. DSC is a 
convenient tischnique for monitoring the heat evolved during sample decomposition. The peak 
decomposition temperatures and the onset of decomposition can be extracted from the profile of 
5 heat flow as a function of temperatuie. 

Decomposition of ceftiofiir free acid and ceftiofiir hydrochloride salt is exothemic and 
occurs in two stages. The first stage of decomposition occurc at lower temperatui^ and is 
largely complete before the second stage begins. The first stage of decomposition produces an 
exotheraiic peak in the DSC at a temperature that depends on the solid phase. The onset for 
10 tWs peak is typically measured as an intersection of |the baseline and the peak upslop^^ Since 
the onset provides a good estimate of the temperature where decomposition begins, it reflects 
the ttietinal stability of the solid phase. 

Under the typical DSC scan conditions of S^'C/minute, the onset temperature for a 
typical sample of amorphous ceftiofiir free add was about 144°C. The broad decomposition 
15 exothenn had a peak temperature of about 177°C. Under the same conditions, flie onset 

temperature for a typical sample of ciystaUine ceftiofiir free acid was about 212°C. and the peak 
temperature was about 222°C. The increased onset teraperatiire for flie crystalline ceftiofiir fiee 
acid reflects a laige enhancement in the thennal stability of the crystalline phase as a 
consequence of the regular paddng of molecules in crystalline lattice. 

As noted above, ceftiofiir hydrochloride salt is another crystalline solid containing tfie 
ceftiofiir molecule. At the DSC scan rate of 5°C/minute. the onset temperature for thermal 
decomposition in a typical sample of ceftiofiir hydrochloride salt was 187°C, and tiie peak 
temperature was 192«»C. Surprisingly and unexpectedly, tfie crystalline ceftiofiir ftee acid has 
better thennal stabiBty, as measured by DSC, tiian ttie crystalline hydrochloride salt 

Thus, as discussed above, it is not predictable what properties a crystalline compound 
will have. Furthermore, and as exemplified below, it is not predictable how to prepare tiie 
crystalline fonn of any given compound. 

TypicaUy to achieve flie ciystalline fomi of an organic compound, the compound is 
placed in an organic solvent in which it is minimally soluble at room temperature, and tiien 
heated to obtain a solution of the compound. The solution is cooled down and during this 
cooling period, the compound will crystallize out 

The preparation of ciystaUine ceftiofiir hydrochloride is consideied to involve a typical 
crystallization. Several methods for the preparation of ceftiofiir hydrochloride are described in 
U.S. Patent 4,902.683. In one readily used method, once tiie hydrochloride salt is obtained by 
adding hydrochloric acid to a water/acetone solution of ceftiofiir. ti^ resulting solution is cooled 
slowly to obtain crystalline ceftiofiir hydrochloride. 



20 
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30 



35 
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Howeven the preparation of crystalline ceftiofur free acid of the present invention 
provides a surprising and unique approach to the preparation of a crystalline compound. In the 
process of the present invention, heat is necessary to induce crystallization of ceftiofur free acid. 
For example, in one readily used method of the present invention, a tetrahydrofuran solution of 
5 ceftiofur free acid is added to hot water with stirring. Initially, the ceftiofur free acid 

precipitates out as an amorphous solid; however, continued stirring and heating of the solution 
results in the formation of crystalline ceftiofur free acid, v4iich is a single polymorph. 

Such a method for inducing the crystallization of a compound is not typical. In fact, 
when a chemist places an organic compound in an organic, water-miscible solvent, and dilutes 

10 this solution widi water to cause precipitation (commonly termed ''water knockout"), one would 
' most cominoAly expect to obtairi an amoiidious, not a oystalline, compound. 

More spedficaUy, the crystalline form of ceftiofur free acid of ttie present invention is 
prepared by combining the crystalline cefdofur hydrochloride of formula n, prepared as 
described in U.S. Patent 4,902,683, which is hereby incorporated by reference herein, with any 

15 of several different organic/aqueous solutions, including 1:1 solutions of water with a water 

miscible solvent, sudi as acetone, acetonitrile, methanol, tetrahydrofuran (THF) or isopropanol, ' 
or a 3:7 solution of water with a water miscible solvent, such as ettianol. The use of the 
poijrvinylpyridine resin to neutralize the hydrochloride salt of ceftiofur is furtiier described in 
U.S. Patent 4,937330 (Sacks et al.), which is hereby incorporated by reference herein. 

20 The preferred procedure for the preparation of crystalline ceftiofur free acid begins with 

crystalline ceftiofur hydrochloride, which is treated with polyvinylpyridine resin in a 
tetrahydrofuran-water mixture to remove the hydrochloride from ceftiofur. After filtration of 
this mixture to remove the polyvinylpyridine resin, the filtrate is added slowly to water, wiiich is 
preferred, or the water is added to the filtrate. The water must be at a t^perature of between 

25 20*^C and 60PC. Preferably, the water is at a temperature of between 40®C and 60PC. Most 
preferably, the water is at ^proximately 50^C. The ratio of water to filtrate is in the range of 
10:1 to 2:1. Preferably, the ratio of water to filtrate is af^roximately 3:1. This mixture is then 
stirred for a time period of between thirty (30) minutes and twenty*four (24) hours. Preferably, 
it is stirred for a time period of between thirty (30) minutes and four (4) hours. More 

30 preferably, it is stirred for approximately two (2) hours. Most preferably, it is stirred for 
between thirty (30) minutes and one (1) hour. Finally, the mixmre is filtered, preferably 
immediately, and dried by procedures well known to one of ordinary skill in the art to obtain 
the crystalline fiee acid of the present invention. Example 3 below is the most preferred process 
for the preparation of the crystalline free acid of the present invention. 

35 By modifying the above described procedure, (e.g., length of heating and stirring) 

compositions of ceftiofur free acid, containing varying percratages of crystalline free acid, may 
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be obtained. For example, longer periods of heating and stirring typically result in composirions 
containing more crystalline free acid. Compositions containing at least forty percent (40%) or 
fifty percent (50%) of the crystalline free acid are preferred, with compositions containing at 
least seventy percent (70%) being most preferred. 
: The crystalline ceftiofiir free add of the present invention is useful as the active 

antibiotic dnig compound in phannaceutical dosage forms for treating valuable mammalian 
animals and humans to treat bacterial infections in that valuable animal or human. Presently it 
is contemplated that this compound will be especially useful as a veterinary antibiotic drug to 
treat valuable animals such as cattle, swine, horses, sheep, goats, dogs and cats to fight the 
effects of bacterial iitfcctions caused by susceptible organisms, such as Pasrurella hemolitica, 
Pasturella multiocida. Salmonella typhimurium. Salmonella choleraeasuis, Actinbacillus 
plearopneumoniae. Streptococcus suis, Haemophilus sommis. E. coli. Staphylococcus aureus and 
the like, some of which are commonly associated with diseases in animals, such as bovine 
respiratory disease and swine respiratory disease. 

The terai "dosage unit fonn" as used in this specification refers to physically discrete 
units suitable as unitary dosages for mammalian subjects, each unit containing as tiie essential 
active ingredient a predetermined quantity of the crystalline ceftiofur free add of tfiis invention 
with tfie required idiannaceutical means which adapt said ingredient for systemic 
admmistnuion. The spedfication for the novel dosage unit forms of ttris invention are dictated 
by and dircctiy dependent on the physical diaracteristics of tfie essential active ingredient and 
the particular effect to be achieved in view of the limitations inherent in tiie art of compounding 
such an essential active material for benefidal effects in humans and animals as disdosed in 
detail in tiiis spedfication. Examples of suitable dosage unit forms in accordance witii diis 
invention are liquid preparations in suitable Uquid vehides for intramuscular, intramammary and 
inttavenous administi«ion. suppositories and sterile dry preparations for tiie extemporaneous 
preparation (mixing just prior to administration) of sterile injectable preparations in a suitable 
liquid vehicle or for administration as a solid implant Suitable solid diluents or carters for tiie 
solid pharmaceutical dosage unit forms are selected fiom the group consisting of lipids, 
carbohydrates, proteins and mineral solids, for example, stardi, sucrose, lactose, kaolin, 
dicalcium phosphate, gdatin. acacia, com synip. com stareh. talc and flie like. Liquid 
preparations are prepared in water or aqueous vehides whidi advantageously contain suspending 
agents, for example, methylcellulose. alginates, tragacanth. pectin, kelgin, canagenan, acacia, 
polyvinylpynroiidone. polyvinyl alcohol, and tiie like, to increase tiie viscosity of die 
composition. Additionally for injectable fonns. tfie formulation must be sterile and may be fluid 
to tt« extent that easy syringeabUity exists or may be solid for implants. Such preparations 
must be stable under flie conditions of manufactiire and storage, and ordinarily contain in 
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addition to the principal solvent or suspending liquid, preservatives in the nature of bacteriostatic 
and fungistatic agents, for example, paiabens, chlorobutanol, benzyl alcohol, benzoic acid, 
phenol, thimeiDsal, and the like to preserve the composition against microorganisms. In many 
cases, it is preferable to include osmotically active agents, for example, sugars or sodium 
5 chloride in isotonic concentrations. Carriers and vehicles include vegetable oils, 

dimethylacetamide, dimethylfbrmamaide, ethyl lactate, ethyl carbonate, isopropyl myristate, 
ethanol, polyols, for example, glycerol, propylene glycol liquid polyethylene glycol, and the 
like. Any solid preparations for subsequent extemporaneous preparation of sterile injectable 
preparations are sterilized, by exposure to heat, cobalt 60 irradiation, or by exposure to a 

10 sterilizing gas, for example, ethylene oxide. The aforesaid carriers, vehicles, dilu^its, 

. surfactants, exdpients, preservatives, isotonic agents and the like constitute the pharmaceutical 
means which adapt the preparations for systemic administration. 

The various pharmaceutical dosage forms exemplified in U.S. Patent 4,902,683 (Amin et 
al.), especially colunms 9-16, and the antibiotic implants disclosed in U.S. Patent No. 5,079,007 

IS (Putnam), are also hereby incorporated by refermce herein. 

Due to the lower solubility of the crystalline ceftiofur free add, its rate of dissolution is 
slower. As a result the absorption rate is less, and thus various controlled release or sustained- 
release fbrmulation(s) can also be prepared using it A controlled release or sustained-release 
formulation can be more convenimtly given once per treatment as opposed to being given daQy 

20 with other formulations. Fbr example, Ceftiofur Sodium, which is currently marketed as 

NAXCEL® or EXCENEL® Sterile Solution, is administered IM in daily doses over a three to 
five day period. 

Using the criteria for sustained release as the time which plasma concentrations remain 
above some minimum concentration (t>o^). a comparison of various derivatives of ceftiofur can 

25 be made. In aqueous formulations, an inverse rank order correlation is seen (as expected from 
solubility data) between the aqueous soiubflity at neutral pH and the time above the selected 
minimum concentration for the ceftiofur salts (sodium < crystalline hydrochloride < crystalline 
free add < zinc). In oil formulations, an unexpected order of duration is seen (sodium < 
crystalline hydrochloride < zinc < crystalline free acid), with the crystalline free add being the 

30 longest This difference is of practical and statistical significance. Since the crystalline 
hydrochloride had much greater solubility than the crystalline free acid, this data shows the 
sustained-release property of the crystalline free add, espedally in oil formulations, which is 
further exemplified in Examples 5 and 6 below. 

The preparation of sudi oil formulations is well known to one of ordinary skill in the 

35 formulation art Conventional oil formulations and methods for their preparation are set forth in 
U.S. Patent 5,013,713 (Mitchell), which is hereby incorporated by reference herein, specifically. 
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column 6. lines 17-59: column 7. lines 22-37; column 7, line 48. through column 8. Una 4; and 
column 9. line 59. through column 10, line 23. Preferred oils include com oil. peanut oil. 
sesame oil, olive oil, palm oil. safflower oil, soybean oil, cottonseed oil. lapeseed oil. sunflower 
oil and mixtures thereof. Most preferred is cottonseed oil. 
5 As mentioned above, the compositions of the present invention are useful for parenteral 

administration. e.g., by injection intraperitoneally or. more preferably, subcutaneously or 
intramusculariy. Also as menUoned above, the duration of sustained-release is that period of 
time during which the active drug is delivered at the rate required for the desired biological 
efifect, typically indicated by the concentration of the drag in the mammal's circulating blood 
10 stream. 

The phannaceutical dosage unit forms of the crystalline cefdofur free acid (active 
ingredient) of the present invention are prepared in accoidance with the preceding general 
description to provide to the mammal undei^going treatment from about 1.1 to 6 mg/kg of the 
active ingredient per dosage unit fonn. The prefeired dosage is about 2 to 6 mg/kg of the active 
ingredient, with about 4.4 mg/kg being die most preferred dosage, especially for bovine or swine 
respiratoiy disease. Variations in the above dosages of ciystalline ceffiofiir free acid for the 
specific mammal and/or disease being treated would be readily known and apparent to one of 
oidinaiy skill in the art of veterinary medidne. 

Furthennorc, the amount of the active ingredient provided in the phamiaceutical dosage 
20 unit fonns is that amount sufficient to obtain the antibiotic effects within the aforesaid effective 
non-toxic dosage ranges. For-example. the injectable fonnulations of the aystaUine ceftiofiir 
fiiee add of the present invention, as described above, preferably have a concentration of active 
ingredient of from about twenty (20) to two hundred (200) mgAnI in oider to provide to the 
mammal being treated the appropriate dosage of die active ingredient, as described above. 
25 DETAILED DESCaUPTION OF THE INVENTION 

The invention is further iUustrated by (he foUowii^ detailed examples. 
FITR Experimoital Conditions: 

A. The infrared spectium of the sample of Example I was coUected using a Matsan 
Galaxy 5020 FIIR spectrometer. The sample was prepared as a 1% potassium bromide (KBr) 
peUet for data acquisition. Important instramental parameten: are Usted below: 
Resolution: 2 cm"^ 

Sensitivity: 1 
Infrared Range: 4000-600 cm"* 

The infrared spectrum of Figure 1 below was collected using this procedure. The 
resulting FITR spectram of this sample is consistent with the detemiination that it was 
amorphous. 
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B. The infrared spectnun of the sample of Example 2 was collected using a Digilab 
FTS-40 FTIR spectrometer. The sample was prepared as mineral oil dispersion for data 
acquisition. Impoitant instnimental parameters are listed below: 
Resolution: 2 cm'^ 

5 Coadd^Scan: 16 

Apodization: Boxcar Function 

Detector MCT-B 
SensitiviQr: i 
Infirared Range: 4000-600 cm"* 

Tteinfiaredspectnmj of Rgure 2 below was collected using this procedure. The 
resulting hiiK spectnim of tfiis sample is consistent with tiie detennination that it was 
crystalline. 

XRD Experimental Conditions: 

A. A Rigaku DMAX-A X-ray diffiactometer was used for ttie acquisition of powdo- 
15 XRD pattern for the samjde of Example 2. The instnunent uses the copper radiation with a 

nickel filter (CuKct, 1.5406 A). M^or instrumental parameters are set as follows: 40 KV 

voltage, 30 mA power, beam ^joiure of l** and detector aperture (receiving slit) of 0.30 mm. 

All patterns were scanned over die spectral range of 3-40® two-flieta angles vwfli a scan rate of 

1.5° two-flieta/min (step size of 0.05° and counting time at 2 second/step). Each XRD scan 
20 produced an ASCn fUe which was then converted (witii a Galactic's SpectraCalc software) to a 

binary fonnat for data analysis and output. The sample was ground to fine powdere and packed 

into an aluminum tray. 

The XRD pattern of Figure 4 and Table 1 below were collected using fliis procedure. 
The resulting XRD pattern of this sample indicated Uiat it was aystalline. 
25 B. A Siemens D-500 diffractometer was used for acquisition of the powder XRD 

patterns for samples of Examples 1 and 2. The instnunent uses die copper radiation witii a 
nickel filter (CuKa). Other parameters were set as follows: 40 KV voltage, 30 mA power, 
beam aperture of 0.3", detector aperture of 0.05", and a continuous scan rate of 2" two- 
theia/min. The chart rale of strip chart recorder was set at 1.0* two-dieta/cm. The spectral 
range is 3-40"=" two-theta. The sample was ground to fine powders, if necessary, and Hien 
packed into sample tray. 

The XRD patterns of Figures 3 and 5 below were collected using tiiis procedure. The 
sample for Figure 3 was a hand-ground, tan powder. Its resulting XRD pattern indicated tiiat it 
was amorphous. The sample for Figure 5 was a tan powder. Its resulting XRD pattern 
35 indicated that it was crystalline. 

EXAMPLE 1 Preparation of Amorphous Ceftioftir Fiee Acid 
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Using the procedure described in Example l(b).of U.S. Patent 4.464,367 (Labeeuw et 
al.) (assigned to Sanofi, Paris, France), the ceftiofur free acid was obtained as follows: 

A mixture of 50 g of tritylated ceftiofur. 83 ml of fonnic acid, and 83 ml of water is 
heated to 53°C to 58°C and stirred at this temperature for 30 minutes. This slurry is filtered 
5 and the solids washed with 83 ml of 70^0 fonnic acid/water. The filtrate is diluted with 334 
ml of ethanol and concentrated down to an oil under vacuum. This material is dried under 
vacuum for 60 hours. The resulting foam is slurried with 167 ml of ethanol. TTiis slurry is 
filtered and washed with diethyl ether. The solids are dissolved in 835 ml of acetone and 1567 
ml of ethanol. This solution is concentrated under vacuum to a volume of 167 ml. This slurry 
is cx)olcd to 25°C and filtered. The solids are washed twice with ethanol and twice with ether. 
Tliese soUds are dried at room temperature to give about 15.1 g of amoiphous ceftiofur free 
acid. 

Physical characteiistics are as follows: 
FIIR spectnun: Figure 1 below. 
15 XRD: Figure 3 below. 

The FTIR and XRD spectra indicate that the title product is amoiphous (noncrystaUine). 
EXAMPLE 2 Preparation of Ciystalline Ceftiofur Free Acid 

A sluny of 75.12 g of ceftioiur hydrochloride in 375 ml of tetrahydrofuian and 37.5 ml 
of water is stined at room temperature for 1 hour. To this slurry is added 37.5 g of 
20 polyvinylpyridine resin and 225 ml of tetrahydrofiiran. The resulting mature is stirred at room 
temperature for 30 minutes and then filtered. The resin is washed with 150 ml of 
t^rahydrofiiran. The filtrate is heated to >45°C and diluted with 1075 ml of 50°C water. To 
this cloudy solution is added 2.25 g of ciystaUine ceftiofur free acid and the resulting mixture is 
stined for about 10 minutes. This sluny is then diluted further by the slow addition of 905 ml 
25 of water wWle maintaining the temperature at >45*>C. The resulting slurry is stirred at 50-55'*C 
for thirty (30) miinites to one (1) hour and is gradually cooled to 19°C and filtered. The solids 
are washed with water and dried vrifli nitrogen to give about 65 g of crystalline ceftiofur fiee 
add (whidi is ai^roximatdy 94.5% ciystalline). 
Physical characteiistics are as follows: 
30 FTIR spectnim: Hgure 2 below. 

XRD: Hgures 4 and 5 below. 

The FnR and XRD spectra indicate the tiUe product is crystalline. Table 1 below lists 
the characteristics diffraction peaks for the ciystaUine ceftiofiir fiee acid of the present invention. 
EXAMPLE 3 Pr^aration of Crystalline Ceftiofur Free Add 
35 Ceftiofur hydrochloride (17.1 g) is slurried for at least one hour at room temperamre 

with 70 ml of tetrahydrofiiran and 5.1 ml of water. To this sluny are added 8.6 g of PVP resin 
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fol lowed by 60 ml of tetrahydrofuran. After stirring for 45 minutes tfiis slurry is filtered. The 
PVP resin is washed with two 31 ml poitions of tetrahydrofuran. The fUtiate is then added 
slowly over a period of alwut one hour to 515 ml of water at 45-55°C. This slurrj' is stirred at 
45-55°C for 30 minutes and filtered inunediately at the end of the additioa The solids are 
5 washed with 70 ml of water and dried at SCPC to give 13 J g of ciystalline ceftiofiir free acid. 
EXAMPLE 4 Sustained-Release Oil Foimulation 

An example of a sustained-release fomiulation. containing the crystalline ceftiofiir fiee 
acid of the present invention, which is prepared by procedures readily known to one of ordinary 
skill in the formulation ait, has the following ingiedients: 
10 Ceftiofiir Free Acid (CrystaUine) 100 mg activity per milliliter 

Lecithin (Phospholipon 90-H) . , : 0.5 mg per milUliter 

Sorbitan Mono-oleate (Span 80) 1.5 mg per milUliter 

Cottonseed Oil q.s, 
EXAMPLE 5 Plasma Disposition of Sustained-Release Aqueous Suspensions of CefUofiir 
15 Ciystalline Free Acid in Cattle 

Sixteen Holstein calves were administered ceftiofur crystalline fiee acid in an aqueous 
suspaision (100 mg/mL) by the intramuscular (IM) or subcutaneous (SC) route of administration 
as a smgle dose of 1.1 mg ceftiofur activityAg in a crossover study (each calf got each 
treatment), with a two-week washout between doses. Blood samples were obtained serially for 
120 hours for analysis of ceftiofiir and metabolites (measured as desfiiroylceftiofiir acetamide by 
HPLC). The primary decision variable was tite time ceftiofur metabolite concentrations 
remained above 0.2 pg/mL (t>o^), with secondary decision variables being "relative area under 
the concentration-time curve" (AUC) of flie treatments and injection site initancy assessed 
antemortem by visual and manual inspection of ttie injection sites over time. Bofli t>Q^ and 
25 AUC were calculated using botii flie predictive phaimacokinetic equation method and the direct 
graphical mettiod of trapezoids (AUC) and log linear inteipolation (t>o^). 

ceftiofiir ciystaUine free acid aqueous suspension was 26.98 h after IM and 
30.43 h after SC administration (P = 0.257). 

EXAMPLE 6 Plasma Disposition of Sustained-Release Oil Suspensions of Ceftiofiir 

CrystalUne Free Add in Cattie: Comparison to Aqueous Solution of Ceftiofiir 
Sodium 

Sixteen Holstein calves were administered ceftiofiir ciystalline free acid in an oil 
suspension (100 mg/mL) or ceftiofiir sodium (NAXCEL® Sterile Powder) as an aqueous 
solution (50 mg/mL) subcutaneously (SC) in a crossover suidy (each calf received each 
35 treatment), witii a two-week washout period between doses (2.2 mg ceftiofiir activity/kg body 
weight). Blood samples were obtained serially for 120 hours after drag administration for 
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analysis of ceftiofur and metabolites (measured as desfijroylceftiofiir acetamide by HPLC). The 
primary decision variable was the time ceftiofur metabolite concentrations remained above 0.2 
pg/mL (t>o.2). with secondary decision variables being "relative area under the concentration- 
time curve" (AUG) of the treatments and injection site irritancy assessed antemortem by visual 
5 and manual inspection of the injection site over time. Both t^^ and AUG were calculated 
using both the predictive pharmacokinetic etjuation method and the direct graphical method of 
trapezoids (AUG) and log-linear inteipolation (t>o^)' 

The oil suspension of ceftiofiir ciystalUne fi^e acid was equaUy bioavailable with the 
aqueous solution of ceftiofur sodium when both were administered subcutaneously (P>0.05). 
10 When compared to the t>o^ for ceftiofur sodium (45.50 h). the t^^^ for ceftiofur crystalline free 
add (121J8 h) was significantly longer (P<0.0001). The terminal phase half-Ufe (coiresponding 
to the absorption phase in this flip-flop phaimacokinetic model) of the ciystalline fee acid in oil 
was also longer. 

EXAMPLE 7 In Vitro Dissolution of Ceftioftir Oil Suspension Fonnulations 
15 100 mg samples of crystalline ceftiofiir free acid, amorphous ceftiofiir fi^ee acid 

(prepared as described in Example I) and ciystalline ceftiofiir hydrochloride, which were all 
prepared as oil fijnnulations as described in Example 4 above, were loaded into teflon 
dissolution cells and sealed with a constant surface area dialysis rhembr^e. The loaded cells 
were placed in a standard dissolution apparatus containing 500 ml of pH 7 aqueous dissolution 

20 media which was stirred by a 50 RPM rotating paddle. 

The results obtained arc shown below in Figure 6 below. (In Figure 6 all formulations 
are 100 mg/tal. One standard deviation is shown. The sample designated low crystallinity was 
approximately 32.7% ciystalline by XRD; the sample designated high crystalUnity was 
approximately 74.7% ciystalline by XRD.) The fonnulations contauiing tiie ciystalline ceftiofiir 

25 hydrochloride and the amorphous ceftiofiir free add show veiy fest release fi^om the fonnulation 
into the dissolution media. The fonnulations of crystalliiie ceftiofiir fi-ee add. especiaUy the 
highly ciystalline sample, shows a significantly reduced idease of drug into the aqueous 
dissolution compartment 

EXAMPLE 8 Plasma Disposition of Ceftiofin- Free Add Oil Suspensions Administered 

30 Subcutaneously in Cattle 

CatUe were administered a single subcutaneous dose (4.4 mg/kg body weight) of 
crystalline ceftiofur free acid and amoiphous ceftiofiir fiee add (both prepared and tiien 
foimulated as described above in Examples 1. 3 and 4). The concentration of plasma ceftiofiir 
and desfiiroylceftiofiir related metaboUtes were deteimined over time for 120 hours. The primary 

35 dedsion criteria (tiiat most related to efficacy) was considered to be the time that the ceftioftir 
metabolite concentrations remained above 0J2 mcgtol (t^^^). Less important paxameteis 
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calculated included "area under the concentration-time curve" (AUC) for eac^ treatment and 
time to maximum concentrations (t^^). 

The lesults are shown graphically in Figure 7 below by plotting plasma ccncmtration of 
desfuroylceftiofur acetamide (DCA) versus time using average data for 6 animals/treatment 
5 Both ts^^ and AUC were calculated using the predictive pharmacokinetic equation mettiod and 
the direct graphical method of trapezoids (AUC) and log-linear inteipolation (t^Qj) The t^Q^ for 
crystalline ceftiofur frse acid was 101 hours after dosing whereas the amorphous ceftiofiir free 
add gave a value of 41 hours. Additioiudly, the AUCs comparison shows that the crystalline 
ceftiofur free add has a value more than twice that of the amoiphous cefdofur free acid 

10 previously claimed (183 meg hr/ml versus 70 meg hrAnI). Diis is especially important in light of 
the two forms obtaining statistically equivalent peak concentrations (9.1 mcgAnl for the 
amoiphous ceftiofur free add versus 7.3 mcg/ml for the crystalline ceftiofur free add). By the 
secondary measure of sustained release, time to peak concentration (Xjg^* the crystalline form 
shows delayed release as compared to ttie amorphous form of ceftiofur fiee acid (8 hours versus 

15 2 hours). 

EXAMPLE 9 Plasma Disposition of Crystalline Ceftiofur in Oil Suspensions : Comparison of 
Ciystalline (jefdofur Hydrodiloride and Crystalline Ceftiofur Free Add 
In separate but similarly designed studies corxlucted in the same laboratory, crystalline 
cefidofiir frse add (CPA) and ciystalline ceftiofur hydrodiloride (HQ) susp^ions were 

20 . administered subcutaneously to cattle at a dose of 2.2 mg/kg body weight In eadi experiment, 
plasma samples were obtained for up to 120 hours after drag administration for determination of 
ceftiofur and its metabolites. The results are shown graphically in Figure 8 below by plotting 
plasma concmtration (on a logaridmuc scale) versus time using average data for 16 
animalsArealmenL The primary dedsion criteria (that most related to ^cacy) was considered 

25 to be the time that the ceftiofur metabolite concentrations remained above 0.2 mcgAnl (t^^). 
Less important parameters measures included "area under the concentration-time curve" (AUC) 
for each treatment and time to peak and peak conc^itrations. 

The AUC values were comparable for the two crystal forms (103.3 for the crystalline 
hydrochloride and 121.3 for the crystalline free acid). However, the parameter, t^Q^^ used to 

30 describe sustained release effect was significantly greater for the ftee acid crystal form (121.6 
hours versus 38.5 hours). Like die amoiphous material dted in Example 8, the crystalline 
hydrochloride ^owed faster release when compared to the crystalline free acid by the criteria 
t^j^ (2 hours for the hydrochloride versus 8 hours for the crystalline). 
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BRffiF DESCRIPTION OF DRAWINGS 

Figure 1 

FTIR Spectrum of Amoq^hous Ceftiofur Free Acid 
Figure 2 

5 FTIR Spectrum of Crystalline Ceftiofur Free Acid 

Figure 3 

XRD Diffraction Pattern of Amorphous Ceftiofur Free Acid 
Figure 4 

XRD Diffraction Pattern of Crystalline Ceftiofur Free Acid 
.10 Figure 5 

XRD Diffraction Pattern of Crystalline Ceftiofur Free Acid 
Figure 6 

Ceftiofur Oil Suspension Dissolution Comparison 
Figure 7 

15 Plasma Disposition Profile of Ceftiofiir Free Acid: Amoiphous vs. Crystalline 

Figure 8 

Ceftiofur in Plasma: Ceftiofur HCl vs. Ceftiofur CFA 
Figure 9 

Ceftiofur Dissolution Rate Comparison 
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FORMULA CHART 




Formula I 



Formiila lA 



Foimula n 



I 

OCH3 

30 



35 



BNSOOCtO: <WO_»e0505A1.l. 



wo 94/20505 



PCTAJS94/01862 



-19- 



TABLE I 

CHARACTERISTIC XRD DIFFRACTION PEAKS OF 
CRYSTALLINE CEFTIOFUR FREE ACID 





Two-Theta Angle** 


d-Spacing 


Relative Imensity*,«» 


5 


(degree) 


(Angstrom) 


(arbitrary) 




38.45* 


2.339 


65 




38.20 


2.354 


25 




36.85 


2.437 


13 




35.35 


2.537 


1 


10 


32.35 


2.765 


26 




28.30 


3.151 


1 i 




27.80 


3.206 


1 1 




27.15 


3.282 


40 1 




25.65 


3.470 


95 


15 


25.25 


3.524 


68 




24.45 


3.638 1 


53 




23.50 


3.783 1 


40 




21.60 


4.111 1 


60 




21.40 


4,149 1 


48 


20 


19.85 


4469 1 


70 




18.15 


4.884 1 


56 




15.30 


5.786 1 


100 




14.50 


6.104 1 


37 




10.55 


8.379 1 


35 


25 1 


8.60 


10.273 T 


29 



*: diffraction peak of the Aluminum sample tray 
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**: ±0.10** 

: The relative intensity for each peak is determined by ratioing its intensity to that of 
the strongest peak at 15.3 ^ angle as 100. 

«>: The peaks that arc reported in this table are those having a relative intensity greater 

5 than 10. 
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TABLE II . 

COMPARISON OF PROPERTIES OF CRYSTALLINE CEFTIOFUR FREE ACID. 
AMORPHOUS CEFTIOFtFR FREE ACID, AND CRYSTALLINE CEFTIOFUR 

HYDROCHLORIDE 



5 




Crystalline Free 


Amorphous Free 


-j 

Crystalline 






Acid 


Acid 


Hydrochloride Sair 1 


• 


Thennal Stability 
(DSC decomposition 
temperature) 


onset = 212^C 
peak = 222^C 




onset = 187^C 1 
peak = 192 C 


10 


Solubility 
- pH7 




— inn mn/mT 

— luu mg/nUw 


« 100 mgmL 




Dissolution Rate"^ 


Slow 


Fast 


Fast 




In Vivo Release 


Prolonged 


Fast 


Fast 




Purity 


High 


Low 


High I 




Stability in 








15 


Aqueous Formulations 
(>90% initial potency) 


Suble for 6 months 


Unstable in 6 
weelcs 


Unstable in 6 
weeks 




Hygroscopity 


Low 


High 


Moderate 




Processing 


Micronizes easier 


Difficult to 
micronize 


Micronizes easier 



*Shown graphically in Figure 9 below. 
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CLAIMS . 

1. A crystalline compound of the fonnula I 



10 



0 
II 

C-OH 



■NH 



N O 
I 

OCH, 



15 



which is 7-[2-(2.amino-l,3-thiazol.4-yl)-2.methoxyiinino)acetamido].3.[(fur-2. 
ylca!ix)nyl)thiomethyi]-3-cei*em^cait)oxylic acid. 

2. The compound of claim 1 exhibiting essentially the following x-ray powder diffiaction 

properties: 





Two-Theta Angle** 
(degree) 


d-Spacing 
(Angstrom) 


Relative Intensity* oo 
(arbitrary) 


20 


38.45* 


2.339 


65 




38.20 


2.354 


25 




36.85 


2.437 


13 




35.35 


2.537 


25 




32.35 


2.765 


26 


25 


28.30 


3.151 


31 




27,80 


3.206 


28 




27.15 


3.282 


40 




25.65 


3.470 


95 




25.25 


3.524 


68 


30 


24.45 


3.638 


53 
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5 



10 



Two-Theta Angle** 


d-Spacing 


Relative Intensity*. «> 


(degree) 


(Angstrom) 


(arbitraiy) 


23.50 


3.783 


40 


21.60 


4.111 


60 


21.40 


4.149 


48 


19.85 


4.469 


70 


18.15 


4.884 


56 




5.786 


100 


14.50 


6.104 


37 


10.55 


. 8.379 


35 


8.60 


10.273 


29 



*: diffraction peak of the Aluminum sample tray 
**: ± 0-10 

: Hie relative intensity for each peak is determined by ralioing its intensity to that of 
the strongest peak at 15.3 ° angle as 100 

~: The peaks that arc included in this table are those having a illative intensity greater 

than 10. 

3. In a composition comprising a compound of the formula I 



25 




I 



wherein the improvement is diaracterized by: 

at least forty percent (40%) of the compound of fonnula I is crystalline. 
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4. The composition of claim 3 which further comprises a phannaceuticaUy acceptable 
carrier or excipient 

5. The composition of claim 3 wherein the improvement is characterized by at least fifty 
5 percent (50%) of tiie compound of fonmula I is crystalline. 

6. The composition of claiin 5 wherein the improvement is characterized by at least 
seventy percent (70%) of the compound of formula I is crystalline. 

10 7. A phaimaceutical composition which comprises a ciystalline compound of the foraiula I 



C-OH 

O 



15 



= N 



C-C-NH 



// II II 

N O 
I 

OCH3 

8. The composition of claim 7 which furtiier comprises a phannaceuticaUy acceptable 
20 carrier or excipient 

9. The composition of claim 7 wherdn the composition is sustaiiied-release. 

10. The composition of claim 7 whidi further comprises from about 20 to 200 mgAnl of the 
25 compound of formula I. 

1 1. The composition of claim 7 in which the composition is administered by subcutaneous 
or intramuscular injection. 

30 12. The composition of claim 7 wherein the composition is nonaqueous. 

13. The composition of claim 12 wherein the nonaqueous composition is an oil. 

14. The composition of claim 13 wherein tiie oil is selected from tiie group consisting of: 
35 com oil. peanut oil. sesame oil, olive oil, palm oil. safflower oil, soybean oil. cottonseed oil, 

rapeseed oil, sunflower oil and mixtures thereof. 
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15. A process for preparing a crystalline free acid of die fonnula I 

O 
II 



//-C-C-NH 
// II II 
N O 
I 

OCH3 

10 vliich comprises ttie steps of: 

a) combihing a solution of the compound of fonnula I in a water miscible solvent 

O 
II 



15 HgN^ ^7 b- 



=N 



// II II 
N O 
I 

OCH3 

20 with water, which is at a temperature of between IXPC and 60®C. 

16. The process of claim IS wherein the solvent is selected from the group consisting of 
acetone, tetrahydrofiiran (THFO* and ethanol. 

25 17. The process of claim 16 wherein the solvent is tetiahydiofuran (THF). 

18. The process of claim 15 wherein ttie water is at a temperature of between 40^0 and 
60^C. 

30 19. The process of claim 18 wherein the water is at appioximately 50^C. 

20. The process of claim 17 wherein the ratio of water to THF solution of the compound of 
formula I is in the range of 10:1 to 2:1. 

35 21. The process of claim 20 wherein the ratio of water to THF solution of the compound of 
formula I is approximately 3:1. 
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22. The process of claim 15 which ftiither comprises: 
(30) minutes and twenty-four (24) houre. 

' h„„r "'""^ ^ ""-^ C30) „ta«s a„d ,„„, 

0) hou^ °' «» .»Hod IS ^ .^^ (30, ^ „^ 

10 
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FIGURE 6 



D tn i£ 
^^^^ 

- E O . 

^<:_j X 

□ -4 o * 

« « 



o 
1^ 



o 




o 

vO 



o 
in 



BNSOOCID: <WO_94a0505A1_l_> 



SUBSTITUTE SHEET (RULE 26) 



wo 94/20505 



PCTAJS94/01862 



7/9 

FIGURE 7 
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HGURE 9 




0 5 10 15 20 25 30 



Time (min.) 



C. CFA - Crystalline Ceftiofur Free Acid 

A. CFA - Amorphous Ceftiofur Free Acid 
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